The development and application of CO 2 separation technologies and geological storage is a strategic opportunity in terms of GHG mitigation especially for the energy industry. PETROBRAS has recently established strategies to face this technological challenge. In 2007 a corporate program was started off -PROCLIMA -under the coordination of PETROBRAS R&D Center (CENPES), aiming to provide technical management and support for the full development of the PETROBRAS' CCS portfolio. Under the leadership of PETROBRAS, PROCLIMA articulates with the Climate Change and Carbon Sequestration Network, integrating Brazilian Universities and R & D institutions, also including international cooperation.
Introduction
Energy issues have always played a key role in technological development and economic growth of societies. In this scenario, fossil fu els were essential to the power supply of almost the entire energy demand of the last century.
However, population growth combined with unsustainable consumption patterns caused an increase in demand and hence an increase in emissions of Greenhouse Gases (GHG) to the atmosphere. This in turn led to an imbalance in the terrestrial climate dynamics.
The need to minimize the GHG impacts has driven the implementation of strategies to curb CO 2 emissions resorting mainly to energy efficiency and optimization approaches and more recently the diversification of the energy matrix. Although a considerable amount of widespread effort has been devoted to making renewable energies feasible, the realistic perspectives for the next decades do necessarily include fossil fuels as the predominant energy supplier.
For the last five decades, PETROBRAS has been contributing actively to the industrial development process, becoming a world leader in hydrocarbon production at ultra-deep waters and the biofuels market.
The assurance in energy supply has been one of the most relevant challenges in the full development of modern society, with fossil fuels playing the major role up to the last century.
Nevertheless, population growth, together with unsustainable consumption patterns, among other factors, have increased greenhouse gases (GHG) ambient concentrations up to levels at which may have become compromised.
In the present scenario, the need to curb GHG associated impacts focus mainly on C O 2 emission limitations strategies, thus justifying the relevance of energy efficiency, renewable energy sources, etc.
Bearing this in mind, Carbon Capture and Storage (CCS) becomes a technological route for GHG emissions mitigation that potentially contributes to a quicker and safer stabilization of GHG atmospheric concentration levels, thus allowing for the maintenance of fossil derived fuels within the energy matrix, together with other types of sources.
PETROBRAS, the Brazilian oil, gas and integrated energy company, is deeply and publicly committed to developing and establishing safe and efficient technological routes to mitigate climate change and reduce the carbon risk throughout all its productive chains and activities, as stated in the Company's recently published Corporate Strategic Plan for 2020.
In order to do, PETROBRAS has been carrying out corporate initiatives in three important axes, thus covering both the minimization of GHG emissions "in plant" and at the "end of pipe": energy efficiency and energy conservation projects; investments in the development and production of biofuels and the engagement in long term partnership to carry out CCS studies and projects.
The present paper presents and discusses an overview of the initiatives already in course within the Company and its perspectives in the theme.
Overview
Since 2003 PETROBRAS Research and Development Center (CENPES) plays a major role for the fulfillment of the company public commitment to minimize climate change impacts associated with the oil industry, one of the actions being the start-up and the establishment in 2007 of a technological program fully dedicated to climate change issues, so called PROCLIMA. This program targets R&D and demonstration projects, as well as the initiatives aiming GHG abatement and control, together with correlate technologies.
The technical staff working within PROCLIMA also develops technological routes in CO 2 capture, storage and monitoring to overcome these challenges, in partnership with Brazilian universities and R&D institutions within a network named Climate Change and Carbon Sequestration R&D Network, started off in 2006 under the leadership of PETROBRAS. PROCLIMA initiatives also include some international cooperation, agreements and joint industry projects.
PROCLIMA develops technological routes to overcome these challenges and provide support for its projects through the Climate Change and Carbon Sequestration Network (CO 2 Network), which is represented by B razilian universities and R&D institutions, with the leadership of Petrobras and also including international cooperation. The main interests of PROCLIMA are R&D projects targeting direct carbon sequestration (CCS), new uses for CO2, energy efficiency and the assessment of impacts, vulnerabilities and adaptation (IVA).
The main goal o f the CO 2 Network is to establish and consolidate the technological basis and the infrastructure needed in the country in order to supply in the short to midterm perspective laboratory scale studies that will allow the implementation of future pilot and demonstration scales projects. An important benefit of this investment is the creation of qualified man power. In this sense the CO 2 Network is a vital pillar for the full achievement of PROCLIMA's goals specially in a scenario of steadily growing demand.
The CO 2 Network encompasses 13 research institutions in the local academy, namely (Figure 1 ). An important achievement associated with the first phase of the C O 2 Network is the inauguration of three laboratories fully dedicated to CO 2 issues, together with the upgrading of existing facilities in order allow for more sophisticated studies in the mid to long term.
UFC
The Excellence Centre in Carbon Storage for the Oil Industry (CEPAC, as the acronym in Portuguese) is located at PUC Rio Grande do Sul. Started off in 2007, this initiative encompasses the building of the facilities (1,100 m2 of lab area), the acquisition of state-of-the-art equipment as well as sponsorship for the associated applied R&D projects. So far R$ 10 million have been invested in this initiative.
In 2009 the Excellence Centre in Carbon Fixation in Biomass, located at the UFPR campus, was inaugurated. In this initiative the investments were of about R$ 1,5 million, encompassing construction, equipment acquisition as well as R&D sponsorship.
Also in 2009, another important lab was inaugurated -The Cachoeira Paulista Unit of the Instituto Nacional de Pesquisas Especiais (INPE). This lab encompasses the initiatives associated with the technology known as Chemical Looping, one of the most promising capture processes for CO 2 , which will be us ed in demonstration project at a Petrobras facility as a means for emissions reduction. The investments were of about R$ 1,7 million, mainly in infrastru cture.
Some other important achievements were the investments and upgrading also performed at INPE, as well as its partners, such as IPEN-USP and Rio Claro University, among others, which encompassed the modernization of the existing facilities, the acquisition of state-of-the -art computers and sophisticated equipment (LIDAR technology as well as air quality monitors) in order to allow for the assessment of climate change associated impacts as well as the monitoring of Greenhouse Gases (GHG). These investments were in the order of R$ 3 million.
Least but not last, the start-up o f molecular biology lab at FURG, aiming the genetic analysis and identification of microalgae for the development of biofuel R&D projects, in a total of R$ 30 million.
Reconcavo Basin Project
The project named "CCS in Recôncavo Basin" is the first PETROBRAS' pilot CO 2 storage project. In 2009, 12,000 ton of CO 2 were injected in Rio Pojuca's saline aquifer with monitoring for 6 months.
Another initiative was a project named as "Bahia Project" that included an extensive collaborative study in partnership with IFP (French Institute of Petrol), in order to investigate the role of the CO 2 in the Buracica field reservoirs of the Recôncavo Basin after 20 years of CO 2 injection for EOR purposes.
The study includes evaluation of m easuring, monitoring and verification (MMV) technologies, rock/ fluid interactions mechanisms such as injectivity and caprock integrity (geochemical studies o f reservoir and caprock), well integrity such as evaluation of CO 2 effects in the cement and well / reservoir interface.
Paraná Basin CCS Project
The CCS Project tackled at the Parana Basin is also a PETROBRAS initiative aiming the development of carbon sequestration, but focusing the local coal layers. The processes include Coalbed Methane (CBM) and Enhanced Coalbed Methane (ECBM) established in pilot scale studies.
These studies target the assessment of both methane and CO 2 sequestration potentials in the coal layers available in Rio Grande do Sul.
Marks & Achievements and Perspectives
Brazil is taking an active role in carbon capture and storage (CCS) R&D with two carbon dioxide (CO 2 ) storage pilot projects, both operated by PETROBRAS, according to the International Energy Agency (IEA).
The Miranga Project, carried out at the Miranga onshore field in Bahia state, injects around 400 tons CO2/day into a saline formation and is considered to be one of the largest CO 2 demonstration projects in the world in the present days.
In November 2009, PETROBRAS started injecting high-pressure CO 2 into the Miranga fi eld, in the municipality of Pojuca, to test technologies that might contribute to future development projects for the installations that will serve the Santos basin's pre-salt cluster. The CO 2 produced at the future pre-salt fi elds will be re-injected into the reservoirs to boost the recovery.
It is important to mention that PETROBRAS has been performing enhanced oil recovery by C O 2 injection for the last 24 years in Bahia at the Reconcavo basin.
Additionally some important R&D initiatives that have taken place under the sponsorship of PROCLIMA can be summarized as follows: ! Realization of a technological monitoring of CO 2 and climate change technologies. ! Basis for a creation of an Integrated Center for CCS in Salvador.
All the initiatives and activities directly carried on by PETROBRAS personnel or made possible under the Company´s sponsorship, which were briefly described in this paper, are consistent with a strong environment-oriented philosophy at the corporate level and a legitimate focus in social issues. In order to face this challenge, PETROBRAS has a robust technological program fully dedicated to dealing with climate change mitigation issues.
With the recent discovery of n ew oil and gas mega fields, containing more than 3% of C O 2 , the excellence in CCS technologies becomes strategically important to support PETROBRAS goals to increase the production of oil and gas with sustainability.
